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ABSTRACT OF DISCLOSURE 

In a coin configuration detection method and a coin identification sensor that 
magnetically detee ^detects the coin configuration, coin configuration detection is enabled to 
can b e accurately performed. Moreover, in a coin identification apparatus, the coin 
identification accuracy is improved. In a coin configuration detection method (eein-acoin 
identification s e nsor 11 that sensor magnetically detects the configuration of a eein^ -coin to 
identify the kind and/or the authenticity of the coin 2, coiiL_a magnetic flux change in the 
vicinity of the surface of the coin 2 coin is detected by a detection coil 7 coil in which a coil 
central line is -extends along the surface of the eeifi-2 -coin and a coil peripheral surface is 
locally opposed to the surface of the eeHi-2 -coin w hile an AC magnetic field along the surface 
of the coin 2 coin is generated in the interior of th e coin 2 and/or in the surface space of the 
coin 2. coin. M oreover, the coin identification apparatus identifies the coin 2 coin_based on 
the detection signal of the coin identification s e nsor 1 . sensor. 



^a^>.,^^c^ AujP^ 10/512137 
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- DEDCnirTION 

COIN CONFIGURATION DETECTION METHOD, COIN IDENTIFICATION 

SENSOR, AND COIN IDENTIFICATION APPARATUS 




• ^--^Techrfical Field 0 ^ 

The- prcc o nt invention relates to a coin configuration 
^ detection method and a coin identification sensor that 

"^"^ magnetically detecty the configuration of a coin-^o , identify 

the kind and/or the authenticity of the coin^ aed-^f urther^— ^ 
relates to a coin identification apparatus that identifies the 
kind and/or the authenticity of a coin based on the 
configuration detected by the coin identification sensor. 

Background Art ^it^OxjJ^A 

Various coin identification sensors that detect the 
surface configuration of a coin in a non-contact manner have 
been developed. These kinds of coin identification sensors 
are broadly divided into ones using optical means and ones using 
magnetic means . 

As optical coin identification sensors, the following 
are known: one that photographs the coin surface by use of an 
optical image sensor^ such as a CCD sensoa^ and processes the 
photographic data to thereby identify the surface 
configuration; and one that receives reflected light from the 
coin surface by a light receiving device^ such as a photodiodej 
and identifies the coin surface configuration based on the 



1 



light reception level. But optical coin identification 
sensors are not only susceptible to dirt on the coin surface, 
but also have a drawback that they cannot detect the height 
and depth of the asperities. 

On the other hand, as a magnetic coin identification 
sensor, one is known that uses the eddy current effect of a 
conductor in an AC magnetic field. Eddy current is generatedT 
when a conductor^ such as a metal^is placed in an AC magnetic 
field, within the conductor so as to. prevent a change in the 
magnetic flux passing through the conductor. Because the 
generation condition thereof varies according to the surface 
configuration of the conductor, the surface configuration can 
be detected by detecting a magnetic flux change due. to the eddy 
current in the vicinity of the surface of the conductor without 
being affected by dirt on the conductor surface. As such a 
coin identification sensor, for example, one is known in which 
a plurality of detection coils disposed in a matrix is opposed 
to the coin surface and the surface configuration is detected 
(for example, see Japanese Published Unexamined Patent 
Application No. 2001-126103 and Japanese Published Unexamined 
Patent Application No. 2002-24894). 

However, conventional magnetic coin identification 
sensors are limited in detection accuracy because they detect , 
while generating an AC magnetic field on the coil surface by 
an exciting coil in which the coil central line is vertical 
to the coin surface in the vicinity of the coin surface, the 
magnetic flux change in the vicinity of the coin surface by 
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a detection coil in which the coil central line is vertical 
to the coin surface. That is, the detection of the surface 
configuration is, when the surface configuration is expressed 
by coordinates (X, Z) as shown in Fig. 13 (A) , to detect AZ/AX, 
and to detect this accurately, it is required that AX be as 
small as possible; however, because the detection area of a 
conventional coin identification sensor 100 is not less than 
four times. the coil diameter D as shown in Fig. 13 (B) , the 
resolution in the X direction is low, so that a fine surface 
configuration cannot be detected. 

- Bis closure^ of the Invention 

In view of the above-mentioned circumstances, a coin 
configuration detection method of the pjo^ererrt, invention 
created for the purpose of solving these problems is a coin 
configuration detection method that magnetically detects the 
configuration of a coin to identify, the kind and/or the 
authenticity of the coin, and is characterized in that a 
magnetic flux change in the vicinity of the surface of the coin 
is detected by a detection coil in which the coil central line 
is along the surface of the coin and the coil peripheral surface 
is locally opposed to^ the surface of the coin while an AC 
magnetic field^along the surface of the coin is generated in 
the interior of the coin and/or in the surface space of the 
coin. 

^^^^^^^^^ to this coin configuration detection method, 

■ whi jre-^an AC magnetic field along the coin surface is generated 
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to thereby cause a magnetic change due to the surface 
configuration of the coin to emerge as a magnetic flux change 
mainly along the coin surface, the magnetic flux. change is 
detected not by detection coils disposed vertically to the coin 
surface but by the detection coils disposed along the coin 
surface, whereby even a minute magnetic flux change whose 
vertical component hardly changes can be detected. 
Consequently, even a fine surface configuration of the coin 
can be detected, so that the coin configuration detection 
accuracy can be dramatically improved. Further, - oinoo ^it is 
easy to reduce the size of the detection coils in the direction 
along the coin surface, the resolution of the coin 
configuration detection can be easily improved by reducing the 
AX as much as possible. 

Moreover, in view of the above-mentioned circumstances, 
a coin identification sensor of the pi - eoen-fe - invention created 
for the purpose of solving these problems is a coin 
identification sensor that magnetically detects the 
configuration of a coin to identify the kind and/or the 
authenticity of the coin, and is provided with|^n exciting 
portion that generates an AC magnetic f ield^along the surface 
of the coin in the interior of the coin and/or in the surface 
space of the coin; and a detection coil that is disposed so 
that the coil central line is along the surface of the coin 
. and the coil peripheral surface is locally opposed to the 
surface of the coin, and detects a magnetic flux change in the 
vicinity of the surface of the coin. 



When the coin identification sensor is structured as 
described above, while an AC magnetic field along the coin 
surface is generated to thereby cause a magnetic change due 
to the surface configuration of the coin to emerge as a magnetic 
flux change mainly along the coin surface, the magnetic flux 
change is detected not by detection coils disposed vertically 
to the coin surface but by the detection coils disposed along 
the coin surface, whereby even a minute magnetic flux change 
whose vertical component hardly changes can be detected. 
Consequently, even a fine surface configuration of the coin 
can be detected, so that the coin configuration detection 
accuracy can be dramatically improved. Further, oinoG^ it is 
easy to reduce the size of the detection coils in the direction 
along the coin surface, the resolution of the coin 
configuration detection can be easily improved by reducing the 
Ax as much as possible. 

Moreover, in the coin identification sensor, the 
exciting portion is an exciting coil being disposed so that 
the coil inner surface or the coil peripheral surface is along 
the, surface of the coin and generating an AC magnetic field 
^ along the surface of the coin in the interior of the coin and/or 
in the surface space of the coin, and the detection coil is 
disposed in an inner portion of the exciting coil or in the 
vicinity thereof, or in a peripheral portion of the exciting 
coil or in the vicinity thereof. In this case, not only can 
the detection accuracy be improved by increasing the magnetic 
field intensity in the vicinity of the detection coil but also 



the coin identification sensor can be reduced in size. 

Moreover, in the coin identification sensor, the. 

exciting portion has a plurality of coin adjacent portions, 

and is provided with a ferromagnetic core that forms a looped 

magnetic circuit with the interior of the coin and/or the 

surface space of the coin inside and an exciting coil th^t 

AC-excites the core and generates an AC magnetic field along 

A 

the surface of the coin in the interior of the coin and/or in 

the surface space of the coin. In this case, sinc e- a strong 

A 

magnetic field can be locally generated on the surface of the 
coin, the detection accuracy of the coin identification sensor 
can be improved. 

Moreover, in the coin identification sensor, the 
detection coil is a differential coil capable of detecting a 
differential voltage, and a pair of coils constituting the 
differential coil line along the surface of the coin. In this 
case, the detection accuracy can be further improved by 
canceling out intrinsic errors and temperature errors of the 
coils. 

Moreover, in the coin identification sensor, the 
detection coil is provided in a plurality of numbers so as to 
line along the surface of the coin. In this case, by scanning 
the coin identification sensor or the coin in a direction 
perpendicular to the direction in which the detection coils 
align, two-dimensional detection data can be obtained, and by 
two-dimensionally disposing a plurality of detection coils, 
two-dimensional detection data can be obtained without the coin 
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identification sensor or the coin being scanned. 

Moreover, in view of the above-mentioned circumstances, 
a coin identification apparatus of the pirggfrnt invention 
created for the purpose of solving these problems is a coin 
identification apparatus that identifies the kind and/or the 
authenticity of a coin, and the configuration of the coin is 
detected by the above-described coin identification sensor and 
the kind and/or the authenticity of the coin is identified based 
on the detected configuration. 

When the coin identification apparatus is structured as 
described above, cinc Q the kind and/or the authenticity of the 
coin is identified based on highly accurate configuration 
detection data by the above-described coin identification 
sensor, the identification accuracy of the coin identification 
apparatus can be dramatically improved. 



Brief Description of the Drawings 

r\ 

Fig. 1 (A) is a plan view of a coin identification sensor 
showing a first embodiment. Fig. 1 (B) is a front view, and 
Fig. 1 (C) is a side view^^ 

Fig. 2 (A) is a perspective view of a coin identification 

r\ 

sensor showing the first embodiment, and Fig. 2 (B) is an 

internal perspective view^ 

Fig. 3 is a working explanatory view of the coin 

identification sensor in the first embodiment^ 

Fig. 4 is an enlarged view of detection coilsj 
Fig. 5 is a block diagram of a detection circuit^ 



Fig. 6 (A) is a schematic view of a coin identification 
sensor showing a second embodiment, and Fig. 6 (B) is a. 
schematic view showing a coin identification sensor showing 
a third embodiment^ 

Fig. 7 is a schematic view of a coin identification sensor 
showing a fourth embodiment* 



Fig^. 8 (A) to 0(F) are explanatory views showing various 
forms of cores in the coin identification sensor of the fourth 

embodiment-- 

Fig. 9 (A) to /(C) are explanatory views showing various 
forms of exciting coils in the coin identification sensor of 



the fourth embodiment. 

Fig/. 10 (A) toj(i{C) are explanatory views showing various 

forms of detection coils in the coin identification sensor of 

the fourth embodiment)^ Fig. 10 (A) a side view. Fig. 10 

\ ^ r 

(B) a plan view,^Fig. 10 (C) is^a cross sectional side view, 
severally showing detection coils in the coin identification 

0 

sensor of the fourth embodiment * 

Fig/. 11 (A) to)l(C) are explanatory views showing various 
forms of detection coils^ in the coin idenj:if ication sensor of 
the fourth embodiment; Fig. 11 (A) aa?e ah elevational view 
and a side view. Fig. 11 (B) £^ an elevational view,* Fig. 11 

(C) -ars" a plan view, severally showing detection coils in the 
coin identification sensor of the fourth embodiment^ 

Fig. 12 is a schematic view of a coin identification 
sensor according to a fifth embodiment, 

Fig. 13 (A) is a view showing the surface configuration 
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as X and Y coordinates, and Fig. 13 (B) is an explanatory view 
showing the conventional coin identification sensor. 

Nex t:: — embodiments — — a — UUtfl — IdentiUicaLxon sen^^yr^ 
ncxvini jjg |M ' ^'''">yM l vs^yavir 1 av^ w> ll h^ i i MPHnnribnri with 

I'ufiii iii n n n I ■ r I In l irrnn n gn 
[First ombodimGnt] > 

... 

Fig. 1 (A) is a plan view of a coin identification sensor 
showing a first embodiment. Fig. 1 (B) is a front view. Fig. 
1 (C) is a side view, Fig. 2 (A) is a perspective view of the 
coin identification sensor showing the first embodiment, and 
Fig. 2^(B) is an internal perspective view. The coin 
identification sensor 1 shown in these figures is disposed on 
a coin passage 3 where a coin 2 passes , and magnetically detects 
the surface configuration of the coin 2 passing along the coin 

passage 3 . [ ' 

The coin identification sensor 1 of the^ ^present 
embodiment is provided with^ an exciting coil (exciting 
portion) 5 that is wound around the periphery of a coil bobbin 
4 • an AC exciting circuit portion 6 that AC-excites the exciting 
coil 5; a plurality of detection coils 7 disposed on the inner 
surface of the coil bobbin 4; and a detection circuit portion 
8 that takes out the detection signals of the detection coils 
7. The coil bobbin 4 is, for example, a rectangular-tube- 
form resin mold^ on the inner portion >hereaf , a coin passage 
4a where the coin 2 can pass is formed, and on the periphery 



thereof, a coil winding groove 4b for winding the exciting coil 
. 5 is formed. 

The exciting coil 5 is AC-excited at a predetermined 
frequency by the AC exciting circuit portion 6 to generate an 



portion b to generate ai 



AC magnetic field. The AC magnetic field is^along the surf ace 
of the coin 2 situated ^n the coin passage 4a, and causes a 
magnetic change due to the coin surface configuration to emerge 
as a magnetic flux change of a parallel component mainly along 
the coin surface. The detection coils 7 are disposed so that 
the coil central lines are along the coin surface and the coil 
peripheral surfaces are locally opposed to the coin surface^ 
^ Qnd ^hen the coin 2 is situated, in the coin passage 4a,^detecti^ 
a magnetic flux change along the surface of the coin 2 in the 
vicinity of the surface of the coin 2 . 

That is, as shown in Fig. 3, the coin identification 
sensor 1 detects, while generating an AC magnetic field along 
the surface of the coin 2 to thereby cause a magnetic change 
due to the surface configuration of the coin 2 to emerge as 
a magnetic flux change mainly along the surface of the coin 
2, the magnetic flux change is detected not by detection coils 
disposed vertically to the surface of the coin 2^S&^ by the 
detection coils 7 disposed along the surface of the coin 2, 
whereby even a minute magnetic flux change whose vertical 
component hardly changes can be detected. Consequently, even 
a fine surface configuration of the coin 2 can be detected, 
so that the coin configuration detection accuracy can be 
dramatically improved. 
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Moreover, in the thus structured coin identification 
sensor 1 , the resolution in the AX direction can be determined 
based on the size of the detection coils 7 in the direction- 
of the coil central linesa dftd further, - einco . the above- 
mentioned size is easily reduced by using spiral coils or 
multilayer coils as the detection coils 7, the resolution of 
the coin configuration detection can be easily improved by 
reducing the AX as much as possible. Moreover, s4:ttee^the 
detection coils 7 are disposed on the inner surface of the 
exciting coil 5,. while a strong magnetic field is generated 
in the vicinity of the detection coils 7, the. magnetic flux 
change can be accurately detected by the detection coils 7 . 
In the figures, reference numeral 9 represents a molded resin 
in which the detection coils 7 are held in a buried condition. 

Moreover, in the coin identification sensor 1, a 
plurality of detection coils 7 is disposed at predetermined 
intervals in the circumferential direction on the inner surface 
of the coil bobbin 4. By this, not only can the surface 
configuration of the coin 2 be detected by the plurality of 
detection coils 7 while the exciting coil 5 is also used but 
also the surface configuration of the coin 2 can be two- 
dimensionally scanned by moving the coin identification sensor 
1 and the coin 2 relativeiy to ;ee e h -- ©th - € T . Further, according 
to the ] ;^"eocnt embodiment, -sinee^the plurality of detection 
coils 7 is disposed in opposing positions on the inner surface 
of the coil bobbin 4, the obverse side surface configuration 
and the reverse side surface configuration of the coin 2 can 



be detected at the same time. 

Fig. 4 is an enlarged view of the detection coils, and 
Fig. 5 is a block diagram of the detection circuit. As shown 
in these figures, the detection coils 7 of the present 
embodiment are formed by winding (for example, a width of 1 . 0 
mm) a pair of detection coils Ll^-a^d L2 disposed in a. line along 
the surface of the coin 2 on a cylindrical core material 10 
having a diameter of, for example, 0.5 mm. The detection coils 
Ll^-a*^ L2 are connected in series, and a center tap terminal 
T3 derived between the detection coils Ll^af^ LI is provided 
as well as terminals Tl swad T2 derived from both ends of the 
detection coils Ll^-aftd L2 . 

As shown in Fig. 5, the detection coils . Ll^ eftd- L2 
constitute a bridge circuit 11 together with a pair of resistors 
Rl^«ftd R2 (or variable resistors) , and the differential voltage 
of the detection coils LI aad- L2 is outputted from the bridge 
circuit 11. In the bridge circuit 11, the resistance values 
of the resistors Rl^saasS R2 are initially adjusted so that the 
differential output is a predetermined value when the coin 2 
is absent in the coin passage 4a. By this, not only can a 
detection signal in which intrinsic errors and temperature 
errors of the detection coils Ll^ a«d L2 are canceled out be 
obtained but also the resolution in the AX direction can be 
improved . 

The differential output of the bridge circuit 11 is 
amplified by a differential amplifier circuit 12 and is then 
inputted to a synchronous detection circuit 13. The 
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synchronous detection circuit 13 receives a synchronization 

signal from the AC exciting circuit portion 6 through a 90** 

phase shifter 14, and detects the differential output in the 

cycle thereof to obtain a magnetic flux change signal. The 

magnetic flux change signal passes through an integration 

circuit 15 and is then outputted as a surface configuration 

detection signal from the coin identification sensor 1. In 

this connection, the output signal of the coin identification 

sensor 1 is inputted to a higher controller .and used for the 

identification of the coin 2 in the controller. 

In the 'eWe^ structured as described above, , the coin 

identification sensor 1 detects, while generating an AC 

magnetic field along the surface of the coin 2 to thereby cause 

a magnetic change due to the surface configuration of the coin 

2 to emerge as a magnetic flux change of a parallel component 

mainly along the surface of the coin 2 , the magnetic flux change^ 

not by detection coils disposed vertically to the surface of 

the coin 2 tewt by the detection coils 7 disposed along the 
^ A 

surface of the coin 2, whereby even a minute magnetic flux 
change whose vertical component hardly changes can be detected. 
By this, even a fine surface configuration of the coin 2 can 
be detected, so that the coin configuration detection accuracy 
can be dramatically improved. Further, sifteej^ it is easy to 
reduce the size of the detection coils 7 in the direction along 
the coin surface, the resolution of the coin configuration 
detection can be easily improved by reducing the AX as much 
as possible. 

1 



Moreover, & - inoe the exciting coil 5 is disposed so that 
K 

the coil inner surface is along the surface of the coin 2 and 
generates an AC magnetic field along the surface of the coin 
2 in the interior and the surface space of the coin 2 and the 
detection coils 7 are disposed in the inner surface portion 
(including in the vicinity thereof) of the exciting coil 5, 
not only can the detection accuracy be improved by increasing 
the magnetic field intensity in the vicinity of the detection 
coils 7 but also the coin identification sensor 1 can be reduced 
in size. 



Moreover, einoe the detection coils 7 are differential 

A 

coils capable of detecting a differential voltage and the pair 

of coils L1^2tftdr L2 constituting the differential coils are 

disposed along the surface of the coin 2 , the detection accuracy 

can be further improved by canceling out intrinsic errors and 

temperature errors of the coils Ll.aftd L2 . . 

Moreover, s ince more than one detection coil 7 is provided ^ 

so as to li^ along the surface of the coin 2, by scanning^the ^ 

coin identification sensor 1 or the coin 2 in a direction 

perpendicular to the direction in which the detection coils 

7 align, two-dimensional detection data can be obtained, and 

by two-dimensionally disposing a plurality of detection coils 

7, two-dimensional detection data can be obtained without the .x 

coin identification sensor 1 or the coin 2 being scanned. 

A 

■ [ " Second embodiment and third GmbGdi4nQnt> - 

r\ 

Fig. 6 (A) is a schematic view of a coin identification 
sensor showing a second embodiment, and Fig. 6 (B) is a 



schematic view of a coin identification sensor showing a third 
embodiment. As shown in thps figure^ the coin identification 
sensor 2 1 of the second embodiment is provided with-r an exciting, 
coil 22 disposed so that the coil peripheral surface is along 
the surface of the coin 2; and a detection coil 23 disposed 
on the periphery thereof (including in the vicinity thereof) . 
The coin identification sensor 31 of the third embodiment 
comprises an exciting coil 32 and a detection coil 33 disposed 
so as to sandwich the coin 2 . The thus structured coin 
identification sensors 21^Mtd 31 produce substantially similar 
effects to those of the first embodiment. 

Fig. 7 is a schematic view of a coin identification sensor 
showing a fourth embodiment. As shown in this figure, the coin 
identification sensor 41 of the fourth embodiment is provided 
with a core 42, an exciting coil 43 and a detection coil 44. 
The core 42 has a plurality of coin adjacent portions 42a, and 
is made of a ferromagnetic material so as to form a looped 
magnetic circuit with the interior and the surface space of 
the coin 2 inside. 

F,ig. 8 is an explanatory view showing various forms of 
cores in the coin identification sensor of the fourth 
embodiment. Cores 42 shown in this figure are all 
ferromagnetic members capable of forming a magnetic circuit. 



the core 42, the following are adoptable: an angular U-shape® 
-oa^ as shown in Fig. 8 (A) ; a U-shapea -©^5^ as shown in Fig. 





for example, ferrite. 





^^(B) ; a V-shapey-efte as shown in Fig. 8 (C) ; and a C-shape^I^ 
--efte as shown in Fig. 8 (D) . Moreover, the dimensions of the. 
core 42 are set in accordance with the excitation range^and^ 
for example, when the core 42 is wide in the direction in which 
the exciting coil 43 is wound as shown m Fig. 8 (E) , the 
detection area can be increased by one-dimensionally disposing 
a multiplicity of detection coils 44 on the inner surface 
portion of the core 42. Moreover, equal effects are obtained 
by juxtaposing a plurality of cores 42 as shown in Fig. 8 (F) . 

The exciting coil 43 is wound around the core 42 , and 
an AC voltage of a predetermined frequency is applied thereto. 
When the AC voltage is applied to the exciting coil 43, the 
core 42 is AC-excited, so that an AC magnetic field along the 
surface of the coin 2 is generated in the interior and the 
surface space of the coin 2. The position of winding of the 
exciting coil 43 around the core 42 is not limited to an upper 
part of the core 42 as shown in Fig. 9 (A) , but may be right 
and left leg portions of the core 42 as shown in Fig. 9 (B) . 
Moreover, the exciting coil 43 may be wound around an upper 
part and right and left leg portions of the core 42 as shown 
in Fig. 9 (C) . 

The detection coils 44 are disposed so that the coil 
central lines are along the surface of the coin 2 and the coil 
peripheral surface are locally opposed to the surface of the 
coin 2, and detect a magnetic flux change in the vicinity of 
the surface of the coin 2 . ^^^^That is, the coin identification 
sensor 41 of the pres e W - embodiment is structured so as to 
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detect a local magnetic flux change in the vicinity of the coin 
.2 while forming a looped magnetic circuit by the exciting coil 
-43 and the core 42. Consequently, while a strong magnetic 
field is locally generated on the surface of the coin 2 , the 
magnetic flux change can be accurately detected by the 
detection coils .44. ^ ^ ^ 

Fi^. lOj and S-i^q^. lljare explanatory views showing various 
forms of detection coils in the coin identification sensor of 
the fourth embodiment. The detection coils 44 shown in these 
figures are all air core coils. For example, in the detection 
coil 44 of Fig. 10 (A) (equal to the one of Fig. 2) , coils Ll^ 
^and L2 are formed by winding a lead wire to which an insulating 
coating is applied, around a non-magnetic core material 44a. 
Moreover, the one shown in Fig. 10 (B) is a biaxial type in 
which a pair of detection coils 44 are integrated in an 
intersecting condition, and these detection coils 44 are all 
disposed along the surface of the coin 2. 

Fig. 10 (C) shows a detection coil 44 formed so that the 
^thickness in the direction of the coil central line is as small 
as possible. On the periphery of a former (bobbin) 44b used 
for the detection coil 44, two . coil winding grooves with a 
predetermined width (for example, 50 |Jm) are formed at a 
predetermined interval (for example, 50 |Jm) , and the detection 
. coil 44 is formed by winding in layers a lead wire to which 
an insulating coating is applied, along each coil winding 
qroove. In the thus structured detection coil 44, e- ince ,the 
thickness in the direction of the coil central line is small 



and the distance between the coils Ll^eii^ L2 is short, the 
resolution in the direction of the coil central line can be 
significantly improved. 



s 

The detection coil 44 shown in Fi^, 11 is formed as a 
thin-film circuit pattern (spiral coil) on a base material 44c 
made of an insulating material. For example, a base material 
44c for a thin-film substrate (for example, a ceramic 
substrate) is used, and a conductor layer (for example, a copper 
foil) formed on the obverse and reverse surfaces thereof is 
evaporated based on the circuit pattern to thereby form the 
thin-film coils Ll.aftd L2 . According to this detection coil 
44, s i-noe ^ the pair of coils Ll^ L2^ constituting a 

differential coil^are formed in layers with the extremely thin 
base material 44c in between, the resolution in the direction 
of the coil central line can be dramatically improved. 

In the detection coil 44 structured as described above, 
it is easy to one-dimensionally dispose the coils LI artd L2 
as shown in Fig. 11 (B) . 'When a plurality of coils LI* aftd: L2 
are one-dimensionally disposed like this, by scanning^^the coin 
identification sensor 41 or the coin 2 in a direction 
perpendicular to the direction in which the coils Ll^ -ao^ L2 
are disposed, two-dimensional detection data can be obtained. 
Moreover, detection coils 44 in which a plurality of coils LLj 
-attd-L2 are one-dimensionally disposed may be juxtaposed in the 
direction of scanning of the coin identification sensor 41 or 
the coin 2 as shown in Fig. 11 (C) . In this case, by disposing 
the coils Ll^«fKi L2 formed in the front and rear detection coils 
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44^ so as to be shifted by half a pitch from each other, the 
gap in the direction of one-dimensional disposition is 
eliminated, and the coin configuration can be detected without 
omission. A* plurality of detection coils 44 may be two- 
dimensionally disposed, and in this case, two-dimensional 
detection data is obtained without the scanning of the coin 
identification sensor 41 or the coin 2. The detection coils 

5 0^) '10(c) a)'\VCc) 

44 shown in Fig/. 10 and F-ig. 11 are applicable to other 
embodiments . 



[Fif 'b h embodiment] - 

Fig. 12 is a schematic view of a coin identification 
sensor showing a fifth embodiment. As shown in th^ figure, 
in the coin identification sensor 51 of the fifth embodiment, 
an exciting coil 53 (core 52) and a detection coil 54 are 
disposed so as to sandwich the coin 2. The coin- identification 
sensor 51 structured as described above produces similar 
effects as those of the fourth embodiment. 
[Pn in rn n l-r -T j ii M I ifwi rlr - 1 ^ -r-t i nn m r thnri] 



. , a ^coin conric 



Next, a ^coin configuration detection method according 

to the jgra jent invention will be described. In the coin 

configuration detection method of the ^Wr^cHt^eiit invention, to 

identify the kind and/or the authenticity of a coin, the coin 

configuration is magnetically detected, and while an AC 

magnetic field along the surface of the coin is generated in 
A 

the interior of the coin and/or in the surface space of the 
coin, a magnetic flux change in the vicinity of the coin surface 
is detected by a detection coil in which the coil central line 



is along the coin surface and the coil peripheral surface is 
locally opposed to the coin surface. Specifically, by using, 
any of the above-described coin identification sensors (1, 21, 
31, 41^an^51) , the coin configuration detection method of the 
pLncescnt' invention can be implemented. 



When th^ coin configuration detection method is used, 
while an AC magnetic field along the coin surface is generated 
to thereby cause a magnetic change due to the surface 
configuration of the coin to emerge as a magnetic flux change^ 
mainly along the coin surface, the magnetic flux change is 
detected not by detection coils disposed vertically to the coin 
surface but by the detection coils disposed along the coin 
surface, whereby even a minute magnetic flux change whose 
vertical component hardly changes can be detected. By this, 
even a fine surface configuration of the coin can be detected, 
so that the coin configuration detection accuracy can be 



dramatically improved. Further, si*Hee-^it is easy to reduce 
the size of the detection coils in the direction along the coin 
surface, the resolution of the coin configuration detection 
can be easily improved by reducing the AX as much as possible. 
tCuiii identification app^ rotu g ] 

Next, a^^coin identification apparatus according to the 
preocnt invention will be described. The coin identification 
apparatus of the prcacftt invention identifies the kind and/or 
the authenticity of a coin, "and is structured so as to detect 
the coin configuration by the coin identification sensor 
according to the proGont - invention (specifically, the coin 




identification sensor 1 , 21 , 31 , 41 or 51 of the above-described 
embodiment) and identify the kind and/or the authenticity of 
the coin based on the detected configuration. 

As a concrete structure of the coin identification 
apparatus, for example, the following are provided: a filter 
that receives detection data from the coin identification 
sensor and removes the noise thereof; a binarization processor 
that binarizes the detection data by use of a predetermined 
threshold value; a recognition area identifier that identifies 
a recognition area in the binarized data; a matching processor 
that matches the binarized data. in the recognition area with 
prestored various coin configuration patterns; and a 
determination processor that determines the kind and/or the 
authenticity of the coin based on the hit rate (correlation 
function) . These processings can be realized not only by 
hardware processing using a dedicated IC or the like but also 
by program processing using a microcomputer or the like. 

Indufitrial App1 i rahi 1 i.ty 

ilThe prcocnt invention relates to a com configuration 

detection method and a coin identification sensor that 

magnetically detec-^the coin configuration to identify the kind 

and/or the authenticity of the coin or^a coin identification 

apparatus that identifies the kind anc^^he authenticity of the 

coin based on the configuration detected by the coin 

identification sensor^ is usable as the coin identifier of 

\ 

vending machines and automatic ticket vending machines, and 
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is particularly useful as a coin identification apparatus for 
financial institutions requiring high coin identification 
accuracy. 
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